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Abstract 
The design of a sealed wave power generator has been proposed, whose driving parts are sealed in a closed outer 
covering to protect them from corrosion by sea water. Wave energy is collected using a pendulum. Overrunning roller 
clutches are used to convert the swing of the pendulum to unidirectional rotation of generators. A design method 
based on the Principle of Conservation of Energy has been proposed. A guide plate is equipped on the platform where 
the wave power generator sits on, to ensure the swing plane of the pendulum parallel to the main vibration plane of 
the wave. Power processing circuit has also been equipped, which can perform automatic current and voltage 
regulation under the condition of large variation of wave height and cycle. Experiments have demonstrated that the 
sealed wave power generator is applicable. 
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1. Introduction 
Energy shortage is a crucial problem the current world faces. People has been seeking and utilizing 
various applicable energy sources for a long time. 
About 71 percent of the surface of the earth is ocean [1, 2]. Ocean contains huge and inexhaustible 
energy. The ocean power is estimated to be about 50 billion kW, including tide power of about 2.7 billion 
kW, wave power of about 2.5 billion kW, ocean current power of about 5 billion kW, etc. Along them, 
the development of tide power and wave power is the most rapid. Tide power generation can easily 
produce large power capability. But it needs a gulf to be its upriver reservoir. A tide range of up to 8 
meters is also required. A long dam must be built. These lead to that places suited for building tide power 
generation stations are limited. As a contrast, wave power generation station can be built everywhere in 
the ocean. It can be on the ocean, or at the sea shore, even can be at windless areas. Therefore, if wave 
energy can be well utilized, the problem of energy shortage will be overcome. Wave energy utilization is 
especially useful for small electrically powered equipments scattered in the sea, such as marine buoys, 
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automatic weather stations, and navigation towers, etc. Power transportation is not required with locally 
wave energy utilization. 
By now, thousands of wave power generation patents have been filed. Decades of them have been 
practically tested. They can be classified into the following three categories [3-5]. 
(1) By air. Different with the way of tide power generation by transforming the potential energy of sea 
water, wave power generation is by transforming the impacting kinetic energy of wave, which can not 
directly drive rotary electrical generators. The impacting kinetic energy of wave should be transformed. 
Transformation from wave energy to the potential energy of air is widely used. The wave squeeze the air 
in an air chamber to produce compressed air, which further drives a turbine and an electrical generator to 
rotate to produce electric energy. 
(2) By oil. The wave impacts a vibrator, which pumps oil to produce pressure oil. The pressure oil 
drives a motor and an electrical generator to rotate to generate electric power. 
(3) By water. A water bucket is fixed to a base on the sea shore by a link mechanism. The bucket is 
floating on the sea water. Raised by wave, the water in the bucket is poured into a reservoir over the dam 
by the action of the link mechanism. Repeat the above procedures to raise the water level of the reservoir. 
The difference between the water level of the reservoir and that of the sea can be utilized to drive a low 
head electrical generator to produce electric energy, just like the way of tide power generation. 
The above wave power generation methods are relatively difficult to implement. The corresponding 
wave power generation stations are required to be fixed to the sea bottom, the sea shore, or dams. In 
addition, large investment is usually required. Especially, these wave power generation stations have 
driving parts contacting the sea water. This makes the stations difficult to maintenance because of the 
corrosion problem. 
The design of a new wave power generator has been proposed, where all driving parts are sealed in a 
closed outer covering. The generator is small, simple, robust and easy to maintenance, which will be 
detailed described in the next section. 
2. Design of a sealed wave power generator 
The new wave power generator consists of two sub systems, the mechanical sub system and the 
electrical sub system. 
2.1 The mechanical sub system 
For isolating sea water with driving parts of the wave power generator. A pendulum sealed in a closed 
outer covering is used to collecting the wave power. The outer covering swings with the wave. The 
pendulum tends to be still under the action of gravity and the inertia force. This will produce relative 
rotation between the pendulum and the outer covering. The relative bidirectional rotation of the pendulum 
relative to the outer covering is transformed to two unidirectional rotations by using two overrunning 
roller clutch es [6]. The two unidirectional rotations are then transformed to high speed rotations by using 
speed increasing transmission. The high speed unidirectional rotations further drive two small electrical 
generators to produce electric energy. The mechanical structure of the wave power generator is shown in 
Fig. 1. 
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Figure 1. The mechanical structure of the wave power generator 
The pendulum reciprocates. So the transmission shaft fixing the pendulum also rotates in alternating 
directions. Influencing by inertia, rotation in alternating directions may have relatively large power loss 
and impact, if the rotation is used to directly drive an electric generator. This may decrease energy 
transformation efficiency, and may reduce machine’s life. Two overrunning roller clutches are installed 
on transmission shaft III to overcome the problem. 
An overrunning roller clutch supports only unidirectional transmission. The above mechanism with 
two overrunning roller clutches, two sets of transmission mechanisms, and two electrical generators will 
produce electric power when the pendulum swings in both directions. Only the two electrical generators 
work alternately. 
The swing speed of the pendulum is relatively low. The generator uses a three stages transmission belt 
pairs to raise the rotation speed of the electrical generator to meet the rating speed requirement of the 
generator. 
The synchronous belt transmission has both the advantages of the belt transmission and that of the 
chain transmission. The synchronous belt usually has a base of chloroprene rubber or polyurethane rubber 
and a tension layer of steel wire or fiberglass wire. It has an annular shape, and has teeth along the belt. 
On working, the convex teeth of the belt engage with the tooth grooves of the transmission belt wheel. 
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With the tension layer, the belt has little distortion to keep the consistence of its circular pitch, and to 
further realize synchronous transmission. 
The linear speed of synchronous transmission can reach 50 m/s. Its speed ratio can be up to 10. Its 
efficiency is up to 0.98. With the above advantages, synchronous belts have been used in the generator. 
For simplifying the transmission mechanism, two miniature electrical generators with a rating speed of 
1100 r/min and a rating power of 5 W have been used. 
2.2 Determination of design parameters 
By long time observation, it is determined that the local wave cycle is about 2 to 3 seconds. Take 2.5 
seconds in the following calculations for simplification. The swing cycle of the developed generator is the 
same with that of the wave. Suppose the pendulum is still. Suppose that the generator will produce rated 
electric power when the swing angle of the outer covering of the generator is 30°. By referring to manuals 
and corresponding calculation, design parameters of the generator have been obtained, as shown in Tab. I. 
Table 1. Design parameters 
Part Power 
(W) 
Speed 
(r/min) 
Speed ratio Efficiency Torque 
N·m 
Generator 5 1063  0.95 0.05 
Shaft I/V 2.74 259 4.1 0.96 0.10 
Shaft II/IV 2.82 72 3.6 0.96 0.38 
Shaft III 5.95 24 3 0.96 2.37 
 
 
Figure 2. The working principle of the pendulum 
As shown in Fig. 2, in the process the pendulum swings from the vertical position to the position with 
an angle of 15° from the vertical position, 1/4 of the swing cycle of the pendulum, the potential energy of 
the pendulum changes. Their difference can be calculated by Equ. 1. Based on the Principle of 
Conservation of Energy, this is also the work done by the pendulum in 1/4 of its swing cycle. 
 )15cos1( q  mglmghW    
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In Equ. 1, m is the mass of the pendulum. L is its length of the pendulum. The work done by the 
pendulum in a whole cycle is 4mgl(1-cos15°). The transmission is of three stages. The efficiency of each 
stage is about 0.96. The efficiency of the electrical generator is about 0.95. The output electric power P 
can be obtained by Equ. 2. 
 P
T
mgl
 
q
K
)15cos1(4
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Where, T is the swing cycle. Its value is 2.5 seconds. K is the transmission efficiency: 
84.095.096.0 3 |u K . P is 5 W, the rated output power of the electric generator. L is 0.5m, the length 
of the pendulum. By Equ. (2), the mass of the pendulum, m, can be obtained as follows. 
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The maximum swing angle is 30°. The pendulum swinging over the maximum swing angle will not 
only possibly break down the generator, but also will possibly damage the parts fixed on the 
transformation shafts. To prevent the occurrence of the above circumstances, the swing angle should be 
limited. Two nylon vibration absorbing blocks are installed at each side of the outer covering for the 
purpose. Fig. 3 shows a photo of the developed wave power generator. 
 
Figure 3. A photo of the developed wave power generator 
2.3 The electrical sub system 
As shown in Fig. 4, the electrical sub system mainly consists of the rectification and filtering circuit, 
the automatic current regulation circuit, the automatic voltage regulation circuit, and the over discharging 
protection circuit. The alternating current is transformed to direct current by the rectification and filtering 
circuit. The direct current power source is then regulated by the automatic current regulation circuit and 
the automatic voltage regulation circuit. The regulated direct current power source is then stored in a 
battery, and provides power for equipments at the same time. The function of the automatic current 
regulation circuit is to automatically adjust the output current based on the output voltage of the generator 
to adjust the load of the generator and its output voltage. This will ensure the generator to produce power 
even at circumstances of relatively small wave. The circuit is also useful for preventing the occurrence of 
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too large output current. The function of the automatic voltage regulation circuit is to automatically adjust 
the output voltage to the desired voltage for float charging the battery (6.75V). The over discharging 
protection circuit is connected to the output of the battery. The circuit will switch off the power when the 
output voltage of the battery is lower than 5.01 V to prevent damage to the battery. 
 
Figure 4. The flow diagram of the electrical sub system 
2.4 The application environment 
In a practical application, the installation of the sealed wave power generator on a platform should 
make the swing direction of the pendulum consistent with that of the platform. As shown in Fig. 5, a 
guide plate should be installed under the bottom of the platform when the platform is relatively small or 
the swing direction of the platform is easy of changing. 
 
Figure 5. The working principle of the guide plate 
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The working principle of the guide plate is as follows. The platform is subjected to large resistance 
when it swings in a direction perpendicular to the guide plate. It is subjected to small resistance when it 
swings in a direction parallel to the guide plate. The swing direction of the pendulum of the wave power 
generator should be parallel to the guide plate to make the platform swings with small resistance and a big 
swing angle. This will make the generator produce more electric power. The length of the guide plate 
should be long enough, preferably greater than the maximum wavelength of the ocean wave. 
3. Experiments 
Experiments have been conducted to test the performance of the wave power generator. The collected 
experiment data is shown in Tab. II. 
Table II. Experiment results 
Swing angle 
(degree) 
Wave cycle 
(Second) 
Voltage 
(V) 
Current 
(mA) 
Power 
(W) 
15 4 8.1 55 0.7 
15 2 10.1 68 1.0 
20 4 12.3 70 1.2 
20 2 15.4 84 1.8 
30 4 17.8 105 2.6 
30 2 19.7 148 4.4 
4. Conclusions 
The Design of a sealed wave power generator has been proposed, whose driving parts are sealed in a 
closed outer covering to protect them from corrosion by seawater. Wave energy is collected using a 
pendulum. Overrunning roller clutches are used to convert the swing of the pendulum to unidirectional 
rotation of generators. A design method based on the Principle of Conservation of Energy has been 
proposed. A guide plate is equipped on the platform where the wave power generator sits on, to ensure 
the swing plane of the pendulum parallel to the main vibration plane of the wave. Power processing 
circuit has also been equipped, which can perform automatic current and voltage regulation under the 
condition of large variation of wave height and cycle. Experiments have demonstrated that the sealed 
wave power generator is applicable. 
The developed wave power generator can be widely used in places where conventional power is not 
applicable, such as marine buoys, automatic weather stations, and navigation towers, etc. 
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